Background: Postpartum depression (PPD) can result in negative personal and child developmental outcomes. Only a few large population-based studies of PPD have used clinical diagnoses of depression and no study has examined how a maternal depression history interacts with known risk factors. The objective of this study was to examine the impact of a depression history on PPD and pre-and perinatal risk factors. 
overestimate prevalence especially given the overlap between surveyed symptoms and common maternal discomforts of pregnancy and the postpartum (Gaynes et al., 2005, February; Gjerdingen & Yawn, 2007) . Third, while a history of depression is a strong predictor of depressive disorders throughout the lifespan, and could be an important predictor of PPD, studies to date have predominantly relied on retrospective self-report methods to determine psychiatric history (Davé et al., 2010; Gaynes et al., 2005, February; Robertson et al., 2004; Surkan et al., 2012; Vesga-López et al., 2008) . Such methods are prone to recall bias, experimenter bias, and most importantly lack clinical specificity, which may lead to further misclassification and poor estimation (Gaynes et al., 2005, February; Gjerdingen & Yawn, 2007 ).
This population-based, nationally inclusive, study therefore aimed to address each of these limitations by determining the extent to which a history of depression contributes to the risk of clinically recognized PPD and determining the degree to which a history of depression modifies the association between maternal obstetric and perinatal conditions and PPD. Using data on more than 700,000 deliveries in Sweden between 1997 and , this is the largest study to date to characterize unipolar depression in the postpartum period in relation to a maternal depression history. We identified all recorded cases of PPD using national health registers with high reliability for mental health diagnoses (Carlsson, Wän-dell, & Ösby, 2013) and determined the clinical history of depression in all participants. We describe patterns of PPD in relation to depression history and previously identified demographic and behavioral risk factors (Savitz, Stein, & Yee, 2011) . Finally, we adjusted for important confounders and multiple demographic characteristics.
MATERIALS AND METHODS

Study population
Using the nationwide Swedish Medical Birth Register, which includes information on all births in Sweden, we identified a cohort comprising all Swedish-born women who delivered a live singleton infant between January 1, 1997, and December 31, 2008 . To avoid problems with correlated data, we included only information on the first childbirth during the study period for each woman. Since Sweden has a publically financed health system with universal access, the Medical Birth Register covers virtually all births in Sweden. The study protocol was For PPD, we included diagnoses of PPD, as well as major depressive disorder (single or recurrent), unspecified episodic mood disorder, or depressive disorder that occurred within the first year postpartum (Table 1) . Contemporary diagnostic nosology characterizes PPD as a specifier of a major depressive disorder (unipolar) with an onset of symptoms within 4 weeks according to the American Psychiatric Association (2013) or 6 weeks according to the World Health Organization (World Health Organization 1992) after delivery. Consistent with prior research (Savitz et al., 2011) and in agreement with the American College of Obstetrics and Gynecology guidelines and the Agency for Healthcare Research and Quality (Gaynes et al., 2005, February) , we defined PPD as a depression diagnosis within 12 months following the date of delivery. The additional diagnostic codes for unipolar depression reflect the range of classifications used by clinicians who diagnose depression. We defined lifetime depression history as a clinical diagnosis of depression any time prior to the delivery date of the child using the same ICD-9/10 codes (Table 1) .
Outcomes
Covariates with high reliability and accuracy within the Swedish Medical Birth Register (Johansson, Villamor, & Altman, 2014) were selected based on previous PPD research (Savitz et al., 2011) and included history of depression (yes/no), year of delivery (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , maternal age at delivery (15-19, 20-24, 25-29, 30-34, 35-39, 40+) , cohabitation with the father of the infant (yes/no), hypertensive diseases (no, preeclampsia, essential hypertension), diabetic diseases (no, pregestational type 1 or type 2, gestational), prolonged labor (as defined by a documented ICD-code; yes/no), mode of delivery (vaginal noninstrumental, vaginal instrumental, emergency, or elective cesarean section), gestational age (<32, 32-36, 37-41, >42 weeks), birth weight for gestational age (<3rd, 3rd to 14th, 15th to 84th, 85th to 97th, and >97th percentiles), congenital malformation (yes/no), and sphincter rupture (yes/no). Estimation of gestational age was based on early second trimester ultrasonic scan of fetal dimensions. If no early ultrasound investigation was available, information from the last menstrual period was used to calculate gestational age. Birth weight for gestational age was categorized into percentiles according to the Swedish reference curve for normal fetal growth (Marsál, Persson, & Larsen, 1996) . Information on delivery and gestational age is recorded at the time of delivery. Information on maternal and infant diagnoses is noted by the obstetrician and pediatrician, when the mother and infant are discharged from hospital.
Statistical analysis
We estimated the relative risk (RR) of PPD with incidence rate ratios from Poisson regression models fitted to the data. TA B L E 1 CD diagnoses used to assess depression history and PPD within 12 months postpartum
ICD System
Codes 296.21, 296.22, 296.23, 296.3, 296.31, 296.32, 296.33, 296.34, 296.99, 301.1, 309.0, 311, 311.0, 648.40, 648.42, F320, F321, F322, F32.3, a F32.4, F32.8, F32.9, F33, F33.0, F33.1, F33.2, F33.3, F33.4, F33.8, F33.9, F34.0, F34.1, F34.8, F34.9, F38.0, F38.1, F38.8, F39, F53, F530, F53.1, F53.8 These models were repeated for women with and without a depression history. To facilitate the interpretation of the results, figures depicting rate of PPD (cases/10,000) by month were produced comparing women with and without a depression history; Using KaplanMeier techniques, log survival curves were calculated and plotted.
Poisson regression models similar to above were fitted with the first month postpartum as a reference to calculate the RR of PPD in each month after delivery compared with the first month.
For all estimated RRs, the associated two-sided 95% Wald-type confidence intervals (CI) were calculated, corresponding to a statistical test on the two-sided 5% level of significance. We tested for interaction between history of depression and each of the maternal obstetric and perinatal conditions in the two-sided 10% level of significance.
Data management and all statistical models were conducted using SAS software (Poisson regression using proc glimmix) version 9.4 64-bit running Debian linux. to only include those diagnoses following hospitalization or coded in the register as an "acute visit" as opposed to "planned." Information on when the visit was booked was not available in our data, but since "planned" visits scheduled one day in advance may include events of an "acute" nature, the RRs estimated using this restricted definition will, if anything, underestimate the true RR. For all estimated RRs, the associated two-sided 95% Wald-type CIs were calculated, corresponding to a statistical test on the two-sided 5% level of significance.
Sensitivity analysis
RESULTS
Characteristics of study cohort
We identified a total of 707,701 unique women with a live singleton birth between 1997 and 2008. Table 2 presents the demographic and birth characteristics for the study cohort. Within the first year after delivery, there were 4,397 PPD cases (62 per 10,000; Table 2 ). Both among women with and without a history of depression, rates of PPD dropped dramatically 1 month after delivery ( 
Maternal depression history and risk for PPD
Compared with women without a depression history, there was a statistically increased risk for PPD in women with a history of depression; RR = 21.03 (19.72-22.42 ).
Maternal obstetric and perinatal factors and risk for PPD
Independent of depression history, there was a statistically significant increase in PPD risk for women older than 35 compared with women aged 25 to 29, RR = 1.25 (1.13-1.37), shorter gestational age, week <32 RR = 1.36 (1.05-1.75), and week 32 to 36 RR = 1.20 (1.06-1.36) compared with gestational week 37 to 41 and for women with gestational diabetes RR = 1.70 (1.36-2.13), compared with women without pre-or gestational diabetes (Table 3) .
Modifying effect of maternal depression history on maternal obstetric and perinatal factors and risk for PPD
Depression history had a modifying effect on the risk for PPD associated with maternal age, mode of delivery, and presence of diabetic disease. For women with a depression history, there was a statically significant lower risk for younger mothers, aged 15 to 19 and 20 to 24, but a statistically significant higher risk for mothers 30 to 34 and 35 to 39 years of age compared with mothers aged 25 to 29. There was also 
Sensitivity analyses
There was no evidence for bias due to time trends in diagnosed PPD, or changes in administrative reporting (Supporting Information eTables 2-7). Sensitivity analyses for visits registered as "acute" as opposed to "planned" also showed similar results, except that there was no longer an association between sphincter rupture and PPD in women without a history of depression (Supporting Information eTables 8-13). In this restricted sample of birth, only maternal age showed a statistically significant interaction with history of depression.
DISCUSSION
In the largest longitudinal population-based PPD study to date with prospective followup using clinically ascertained rates of depression, we found a highly increased risk for PPD in women with a history of depression compared to women without a history of depression. Next, we clarify previously identified maternal perinatal and obstetric risk factors for PPD. Finally, for the first time, we show how maternal and obstetric risk factors for PPD may differ between new mothers with and without a history of depression.
The observed rate of PPD in the Swedish population (62/10,000) was within the range suggested by the few other population-based reports that also used the more stringent criteria of clinical diagnoses:
United States (Savitz et al., 2011; 31/10,000) , Denmark (Munk-Olsen, Laursen, & Pedersen, 2006; 51/10,000), and Finland (Räisänen, Lehto, & Nielsen, 2013; 28/10,000) . Notably, depressive disorders after pregnancy exist along a continuum of severity rather than as an all or none phenomenon (Gaynes et al., 2005, February) and the vast majority of studies exploring PPD risk have relied on symptom based measures that are prone to producing higher prevalence estimates (Gaynes et al., 2005, February; Gjerdingen & Yawn, 2007) . This is in part due to their inability to differentiate between clinically significant symptoms of Our findings show that a history of depression represents more than a 20-fold increased risk for PPD. Though the association between a history of depression and the risk for PPD has been recognized (Gaynes et al., 2005, February; Robertson et al., 2004; Vesga-López et al., 2008) , the extent to which a history of depression confers and may modify PPD risk has not been rigorously examined nor quantified.
TA B L E 3 RR
Several other maternal characteristics and medical conditions have also been previously shown to be associated with PPD including maternal age (Vesga-López et al., 2008) , pregnancy complications (Robertson et al., 2004) , and obstetric factors (Robertson et al., 2004) . Our findings add to this body of work and for the first time detail the risk for PPD in relation to depression history potentially helping to clarify previously indeterminate results.
Maternal age and PPD
Some studies have shown that adolescents are at higher risk for PPD (Lanzi, Bert, & Jacobs, 2009 ), while others show no increased risk for adolescents, but rather a fivefold increased risk for those over the age of 30 (Luke, Salihu, & Alio, 2009 ). Our findings show that PPD risk is associated with maternal age, but also how this risk is modified by depression history. That is, among women with no history of depression, young mothers had an increased risk for PPD compared with mothers aged 25 to 29. Pregnancy during adolescence is well understood to pose additional challenges for new mothers as they seek to navigate both their own development and the responsibilities of caring for a newborn. However, because of their youth and the nature of depression as a disorder with increasing likelihood across the lifespan, younger women simply due to their age would presumably be less likely than their more mature counterparts to have received a diagnosis of depression prior to pregnancy. It is therefore intuitive that a larger proportion of younger mothers who experience PPD would not only be free of a depression history, but might also receive their first diagnosis in the postpartum period. Conversely, among those mothers with a depression history, our findings showed an increased risk with advanced maternal age (>35 years) compared with mothers aged 25 to 29. Indeed, in those women with a depression history, trends in PPD risk in the later age ranges of 30-34 and 35-39 years all conferred a significantly greater likelihood. Notably, this observation did not hold for women ≥40+ years of age and may be due to the comparatively lower number of women in this particular cohort.
Diabetes and PPD
Prior studies examining the relationship between diabetes and PPD have been indeterminate (Kozhimannil, Pereira, & Harlow, 2009 ). Complicating the matter is that the differences between gestational and pregestational diabetes are not fully understood (Fong, Serra, Herrero, & Pan, 2014) , and because gestational diabetes represents any degree of glucose intolerance identified during pregnancy, even if it existed before pregnancy (i.e., pregestational) and regardless of whether it persists or emerges after pregnancy, research exploring this relationship has generally suffered from incomplete diagnostic resolution. Not yet demonstrated before, our findings show that for those with a history of depression, diabetes adds an additional 1.5-fold increased risk for PPD. Further, our study shines new light on the relationship between diabetes and depression by showing that gestational diabetes was strongly associated with increased risk for PPD in women regardless of their depression history, while pregestational (type 1 or type 2) diabetes represented an increased risk only in those women with a history of depression. Given that pregestational diabetes is generally considered to be a more serious and life-altering medical condition, this finding initially appears somewhat surprising. However, because diabetes and depression are highly correlated (Mezuk, Eaton, Albrecht, & Golden, 2008) with bidirectional causality (Pan, Lucas, & Sun, 2010) , it is possible that those with pregestational diabetes who have no history of depression represent a PPD-resilient subgroup (Santos, Bernardo, & Gabbay, 2013; van Son, Nyklícek, & Pop, 2013 ).
Preterm delivery
Previous studies into the association between gestational age and PPD have been inconclusive (Drewett, Blair, & Emmett, 2004; Forman, Videbech, & Hedegaard, 2000) . Our results show that independent of depression history, preterm delivery was associated with an overall increased risk for PPD. A possible explanation for this finding relates to our methodology of following women for a full year after delivery (Gaynes et al., 2005, February; Savitz et al., 2011) , thereby potentially capturing later depression diagnoses. In line with current convention, we defined preterm delivery as a live birth that occurs before 37 weeks gestation. In an effort to potentially increase the resolution of the relationship we stratified prematurity into mild (32-36 week's gestation) and moderate (<32 weeks' gestation) categories. Further analysis revealed that women free of a depression history were at a 1.5-fold increased risk for PPD when their child was born moderately premature. While it is possible that this finding is closely associated with the separation of the mother from her newborn via admission to a prolonged intensive care stay, because women with a depression history were at a significantly increased PPD risk even with mild prematurity, it is possible that like diabetes (Pan et al., 2010 ) the two factors share a bidirectional causal path. (Steiner, Dunn, & Born, 2003) and human studies have consistently demonstrated a role for inflammatory processes in the etiology of depression outside of pregnancy (Miller, Maletic, & Raison, 2009; Pollmächer, Haack, & Schuld, 2002) . Inflammatory dysregulation has also been demonstrated as a cause for preterm birth (Romero, Dey, & Fisher, 2014) and adverse obstetric outcomes (Coussons-Read, Lobel, & Carey, 2012) .
Mechanistic causes of PPD
Similarly, alterations in the immune system have been documented with aging (Dantzer, O'Connor, & Freund, 2008) as well as the pathophysiology of diabetic disease (Golden, Lazo, & Carnethon, 2008; Miller et al., 2009) . While it remains unknown whether these systemic events share etiologic mechanisms with PPD (Dantzer et al., 2008) , future studies should consider the possibility of neuroimmunological mechanisms of PPD along with other biological aspects of childbirth, such as fluctuations in reproductive hormone levels (Bloch, Schmidt, & Danaceau, 2000; Dantzer et al., 2008; Golden et al., 2008) .
Strengths and limitations
This study was designed, in part, to directly address limitations of previous research on PPD. Strengths of this study include the use of a population-based cohort with complete national coverage ascertaining clinically significant instances of depression after childbirth. However, the results of the study should be interpreted in light of several potential limitations. Even though the Swedish registers have been repeatedly shown to have high validity with complete coverage of all psychiatric discharges (Ludvigsson et al., 2011) and that the outcome of clinical depression is likely to have high specificity, there will be incomplete sensitivity if women did not seek medical care (Lecrubier, 2007) . It is therefore possible that the association between depression history and PPD is underestimated. However, due to Sweden's nationwide perinatal health initiatives and universal health care provision mandating universal postpartum "in home" visits conducted by specialist clinicians, with near 100% participation (Jansson, Isacsson, & Nyberg, 1998) , observed registry rates for PPD more likely represent treatment capture as opposed to merely reflecting self-initiated treatment behavior. Similarly, our method of following women for 1 year post delivery circumvents the need for the depression diagnoses to be limited to the immediate postpartum or even a single practitioner visit.
It should be noted that registry-based clinical diagnoses do not only represent new incident cases, but also service utilization. However, a sensitivity analysis restricting PPD cases following only acute or inpatient visits revealed a comparably sized risk.
Finally, we observed an increased number of PPD cases in the later cohort years. Interestingly, this observation is consistent with a few other recent population-based studies of PPD, one from the United Kingdom (Davé et al., 2010) and two others from the United States (Do, Hu, Otto, & Rohrbeck, 2013; Savitz et al., 2011) . While we know of no study that has explored this time-trend phenomenon, possible explanations include the increased awareness of PPD as well as improved strategies aimed at identifying early maternal depression. Indeed, the importance of identifying depression after childbirth has gained considerable attention and universal postpartum screening programs have become an appealing option for many (Siu, Bibbins-Domingo, Grossman, Baumann, & Davidson, 2016) . Importantly, a sensitivity analysis restricting our model to the 2003-2008 cohort, in an effort to address the increase of diagnoses in the register due to the addition of outpatient data, verified our reported findings.
CONCLUSION
In the largest population-based study to date, PPD risk was associated with a history of depression and with obstetric and perinatal factors.
There is a highly elevated risk for PPD among women with a history of depression compared to women without a history of depression. Never shown before, some of the risks associated with obstetric and perinatal factors are modified by a history of depression, suggesting differences in the etiology of PPD between women with and without a personal history of depression.
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